Objectives. We compared (1) characteristics of adolescents who are and are not entitled to receive free vaccines from the Vaccines for Children (VFC) program and (2) vaccination coverage with meningococcal conjugate (MCV4), quadrivalent human papillomavirus (HPV4), and tetanus-diphtheria-acellular pertussis (Tdap) vaccines among VFC-eligible and non-VFC-eligible adolescents.
In 2005 and 2006, three new vaccines were routinely recommended for adolescents: meningococcal conjugate vaccine (MCV4), quadrivalent human papillomavirus vaccine (HPV4) for females, and tetanusdiphtheria-acellular pertussis vaccine (Tdap). [1] [2] [3] These three were the first vaccination recommendations specifically targeted toward adolescents in many years, underscoring the importance of the comprehensive preventive care visit recommended for all adolescents aged 11-12 years. 4 Although the majority of adolescents encounter the health-care system annually, [5] [6] [7] [8] vaccinations are most often delivered at preventive visits. 6, 9 Adolescents access preventive health-care infrequently 5, 6, 9 and far less often than young children, who are the traditional targets of routine vaccination recommendations. Preventive health-care visits also tend to decline as adolescents become older, being more common among adolescents younger than aged 14 years compared with adolescents aged 14-21 years. 5, 9 Health-care providers serving adolescents perceive adolescents' less frequent health-care utilization as a significant barrier to administration of routine vaccinations. [10] [11] [12] Compared with young children, adolescents are more likely to be uninsured or underinsured for vaccines. [13] [14] [15] [16] Uninsured adolescents are those not covered by any health insurance that pays for doctor visits and hospital stays; underinsured adolescents are those covered by private health insurance that does not cover the costs of all recommended vaccines. The Vaccines for Children (VFC) program was established in 1993 to eliminate cost as a barrier to routine childhood vaccinations; 17 the development of costly new adolescent vaccines has increased the importance of the program for older children as well. Children 18 years of age who are Medicaid-eligible, uninsured, of American Indian or Alaska Native (AI/AN) race/ ethnicity, or underinsured and vaccinated in Federally Qualified Health Centers (FQHCs) or Rural Health Clinics (RHCs) are entitled to receive recommended vaccines free of charge through VFC.
VFC has been successful in achieving high rates of coverage with recommended vaccines among children younger than 3 years of age. 18, 19 We determined the effect of VFC on adolescent coverage for recommended vaccines.
METHODS
Data for this study were collected using the 2009 National Immunization Survey-Teen (NIS-Teen), a nationally representative survey of households conducted in all 50 states and 11 municipalities that receive Section 317 immunization grant funding directly from the federal government (hereafter, "grantee areas"). NIS-Teen methodology has been described in detail elsewhere. 20 In the NIS-Teen, households are selected using random-digit-dialing, screened for eligibility and willingness to participate, and interviewed to determine vaccination status of a randomly selected adolescent aged 13-17 years for routinely recommended adolescent vaccines. Demographic data on households and respondents (usually mothers) are also collected. If consent is obtained from respondents, all of the adolescent's vaccination providers identified by the respondent are mailed a survey to obtain a providerdocumented vaccination history. The NIS is considered nonexempt research involving human subjects, and approval by the Centers for Disease Control and Prevention's Institutional Review Board was obtained.
In 2009, the Council of American Survey Research Organizations response rate for the NIS-Teen telephone interview was 58.0%; among respondents, 57.4% of adolescents had a sufficiently complete provider vaccination history to be included in our final analytic sample (n520,066). 21 All analyses were limited to provider-verified vaccine doses. Data were weighted to reflect initial selection probability, nonresponse by interviewees and providers, telephone noncoverage, and other factors; complete weighting methods for the NIS-Teen data are described elsewhere. 20, 21 In this analysis, we determined the proportion of adolescents in each VFC eligibility category by grantee area and compared demographic characteristics of adolescents who were and were not entitled to receive VFC vaccines. Methods for determining insurance status and VFC eligibility using data from the Health Insurance Module of the 2009 NIS-Teen 21 are described in detail elsewhere. 18, 19 Briefly, adolescents reported as enrolled in a state Medicaid or Medicaid expansion program and adolescents with no reported source of health insurance coverage, as well as adolescents reporting AI/AN race/ethnicity, were considered VFC-eligible in this analysis. In addition, adolescents reporting a source of health insurance that did not fully cover the costs of vaccines received were considered VFC-eligible if they received vaccines at an FQHC or RHC.
We compared vaccination coverage among VFCeligible and non-VFC-eligible adolescents for the three vaccine recommendations made specifically for adolescents since 2005: one dose of MCV4, one-dose and three-dose coverage with HPV4 (among females only), and one dose of Tdap since age 10. Differences in sociodemographic characteristics and in vaccination coverage were evaluated using t-tests and considered statistically significant at p0.05.
RESULTS

Distribution of VFC eligibility categories for adolescents
Nationally, 32.1% (1.2%) of adolescents were eligible for VFC; this proportion ranged from 15.1% in New Hampshire (5.2%) and Utah (4.7%) to 59.1% (5.9%) in Chicago ( Table 1 ). The proportion of VFC-eligible adolescents also exceeded 50.0% in Alaska, Oklahoma, the District of Columbia, and El Paso County and Houston in Texas. The majority of VFCeligible adolescents nationally were enrolled in Medicaid (23.5%, 1.1% of all adolescents); the next largest group of VFC-eligible adolescents was the uninsured (6.4%, 0.7% nationally). Among all adolescents, 2.8% (0.4%) were VFC-eligible due to AI/AN race/ethnicity, and 0.9% (0.2%) were underinsured adolescents served at FQHCs/RHCs. Distribution of VFC eligibility categories varied widely by grantee area: enrollment in Medicaid ranged from 3.9% (2.2%) in Utah to 54.8% (6.0%) in Chicago, while the proportion of AI/AN adolescents ranged from 0.1% (0.2%) in Houston to 30.7% (6.6%) in Alaska. The proportion of uninsured adolescents was 0.3% (0.6%) in Hawaii and 19.3% (5.8%) in Nevada, while the proportion of underinsured adolescents served in FQHCs/RHCs ranged from 0.0% in several areas up to 10.0% (3.5%) in Montana. Most VFC-eligible adolescents (93.2%, 1.1%) received vaccines from providers enrolled in the VFC program; this proportion ranged from 78.7% (13.3%) in Lake County, Indiana, to 100.0% (0.0) in Rhode Island and Houston.
Characteristics of VFC-eligible adolescents
VFC-eligible adolescents were significantly more likely than non-VFC-eligible adolescents to be African American, Hispanic, Asian/Pacific Islander, or other race/ ethnicity ( Table 2 ). VFC-eligible adolescents were also more likely than non-VFC-eligible adolescents to have received all vaccine doses in public clinics or hospital clinics, and less likely to have received all doses in private provider offices. Mothers of VFC-eligible adolescents were significantly less educated, younger, less likely to be married, and less likely to complete the NIS telephone interview in English than mothers of non-VFC-eligible adolescents. VFC-eligible adolescents were significantly more likely to live in poverty, with 61.3% (2.3%) of VFC-eligible adolescents living below 133% of the federal poverty level vs. 7.9% (0.9%) of non-VFC-eligible adolescents. VFC-eligible adolescents were also significantly more likely to live in urban or rural areas and less likely to live in suburban areas than non-VFC-eligible adolescents.
Coverage with recommended adolescent vaccines
Coverage for all three vaccines routinely recommended for adolescents was less than 60.0% among those aged 13-17 years nationally. Overall, 57.1% (1.5%) of non-VFC-eligible adolescents and 52.5% (2.4%) of VFCeligible adolescents had received at least one dose of Tdap (Table 3) . Similarly, 55.4% (1.5%) of non-VFCeligible adolescents and 50.1% (2.4%) of VFC-eligible adolescents had received at least one dose of MCV4, and 43.2% (2.2%) of non-VFC-eligible adolescents and 46.6% (3.5%) of VFC-eligible adolescents had received at least one dose of HPV4. Completion of the HPV4 series was notably lower, with 27.5% (1.8%) of non-VFC-eligible adolescents and 25.0% (2.9%) of VFC-eligible adolescents having received at least three doses of HPV4. Vaccination coverage was significantly higher among non-VFC-eligible adolescents for Tdap and MCV4; coverage for both one-dose and three-dose HPV4 was similar between VFC-eligible and non-VFCeligible adolescents.
Coverage for all three recommended vaccines varied widely by grantee area among VFC-eligible and non-VFC-eligible adolescents ( Table 3 ). Seven grantee areas surveyed had 70.0% MCV4 coverage among non-VFC-eligible adolescents, and seven had 70.0% coverage among VFC-eligible adolescents. For Tdap, eight grantee areas had coverage 70.0% among non-VFC-eligible adolescents, and eight had coverage 70.0% among VFC-eligible adolescents. For one dose of HPV4, one grantee area had coverage 70.0% among non-VFC-eligible adolescents, and four had coverage 70.0% among VFC-eligible adolescents. No grantee area had coverage 70.0% for the three-dose HPV4 series: coverage ranged from 3.7% (5.2%) in Houston to 54.4% (17.8%) in Massachusetts for VFC-eligible adolescents and from 6.7% (4.6%) in Mississippi to 61.7% (9.9%) in Rhode Island for non-VFC-eligible adolescents.
DISCUSSION
Nationally, vaccination coverage was 60.0% for all three of these recently recommended vaccines among both VFC-eligible and non-VFC-eligible adolescents. Coverage for each vaccine varied widely by geographic area in both groups, with several grantee areas having the majority of adolescents vaccinated with MCV4 or Tdap; only one area surveyed had attained 60.0% coverage for the three-dose HPV4 series. National coverage rates for MCV4 and Tdap were significantly lower among VFC-eligible vs. non-VFC-eligible adolescents, a pattern repeated in many grantee areas. Coverage with one or three doses of HPV4 vaccine was similar There are several potential reasons for coverage variations at the state or local level. During the period of increasing coverage that follows a new vaccine recommendation, differences in the pace of implementation are easily seen in variation of coverage levels. Immunization resources vary by state, and implementation of new vaccine recommendations in the public and private sectors may be delayed while funds are sought to cover the high cost of vaccine purchase. [23] [24] [25] A recent study showed state-and county-level poverty rates are associated with geographic variation in HPV4 coverage, although associations differed in direction. 26 Reimbursements for vaccines and vaccine administration also vary widely by state in both the public and private sectors; 13, 27 previous research suggests that provider reimbursement levels may help explain some state-level variation in vaccination coverage. 28 Finally, state and local policies-for example, laws requiring adolescent vaccines for school entry-may affect vaccination coverage. For the 2009-2010 school year, 27 states required Tdap vaccination for middle-school entry, seven required MCV4, and two required HPV4 (but allowed students to opt out of this requirement). 22 Coverage among VFC-eligible adolescents was lower than coverage for non-VFC-eligible adolescents in our sample for MCV4 and Tdap. Although VFC provides vaccines free of charge to eligible adolescents, costs associated with office visits are not covered by the program. The association of poverty level with adolescent vaccination coverage is inconsistent; 22,29 however, studies have shown significantly lower rates of well-child visits 8 and vaccination coverage 29, 30 among uninsured adolescents, independent of poverty status. In our sample, 61% of VFC-eligible adolescents lived below 133% of the federal poverty level, and 20% were uninsured. Nonfinancial barriers to vaccination may also deter poor or uninsured adolescents from making the preventive visits where vaccines are administered. These barriers may vary by location: adolescents in upstate New York did not report distance-or transportationrelated barriers to accessing health care, 7 but transportation was a substantial barrier to vaccination for poor mothers of young children in urban and rural North Carolina. 31 It is also possible that VFC-eligible adolescents are unaware of their eligibility for free vaccines through VFC and are, therefore, less likely to seek vaccination services.
Finally, it should be noted that VFC-eligible adolescents differ from non-VFC-eligible adolescents on demographic characteristics that may be associated with vaccination coverage, including race/ethnicity, maternal age, and maternal education level. VFC eligibility is a marker not only for economic differences, but also for a constellation of factors that may contribute to limited use of preventive services, including vaccines.
Overall, 93% of VFC-eligible adolescents received vaccinations from a provider enrolled in the VFC program, suggesting that VFC is effectively reaching the financially vulnerable adolescents the program was designed to serve. However, access to VFC benefits varies widely by state, primarily due to differences in state income requirements for Medicaid eligibility. The proportion of Medicaid-enrolled adolescents in each grantee area ranges from less than 5% to more than 50%. Because Medicaid eligibility is the most common way for an adolescent to become VFC-eligible, this variation has a significant effect on the number of underserved adolescents who are able to access free vaccination services in different areas of the country. Interestingly, VFC-eligible adolescents were less likely than non-VFC-eligible adolescents to have received all vaccine doses in a private provider office, despite the fact that private providers comprise more than 70% of all VFC providers. 32 In our sample, HPV4 coverage was similar among VFC-and non-VFC-eligible adolescents. Eight months after HPV4 vaccine was recommended for routine vaccination of adolescent females, nearly 90% of immunization programs were providing HPV4 vaccine to VFC providers. 33 Conversely, it is known that many private providers delayed purchase of HPV4 vaccine due to financial concerns. 24 A 2007 survey in North Carolina found practices participating in VFC were more likely than those not participating to have HPV4 vaccine available for their patients. 34 Despite the success of VFC in making HPV4 vaccine available to vulnerable populations, limited access to care among underserved adolescents could impede completion of the three-dose series required for full protection. A recent study showed the majority of adolescent females would need multiple additional health-care visits to complete the HPV4 vaccination series. 35 Such additional visits may represent a substantial financial burden for VFC-eligible adolescents, as uninsured adolescents pay a much greater proportion of their health-care expenses out of pocket than publicly or privately insured adolescents. 36 However, in our sample, three-dose HPV4 coverage did not differ by VFC eligibility status, although series completion rates were low for all adolescent females. Further research is needed to determine what policies, practices, or public health messages contributed to this equality in coverage and whether these interventions might be applied to reduce coverage differences for other recommended adolescent vaccines.
Limitations
Our results were subject to certain limitations. First, statistical adjustments made to these telephone survey data may not fully account for bias due to nonresponse or lack of landline telephone coverage. Limitations of the NIS methodology have been described previously. 20 Second, vaccine receipt was determined solely by provider records; incomplete records may have resulted in underestimations of coverage. Third, VFC eligibility was determined using self-reported, point-in-time insurance status, although insurance status may vary from year to year or even month to month. Fourth, we were not able to measure some factors that may have affected vaccination coverage, such as vaccine availability or provider recommendations for vaccination. Finally, small sample sizes at the grantee area level resulted in potentially imprecise estimates of vaccination coverage with wide confidence intervals. This imprecision limited our ability to compare vaccination rates between VFC-and non-VFC-eligible adolescents at the grantee area level, particularly for HPV4, which is measured only among females. Grantee-level results should be interpreted with caution.
CONCLUSIONS
Despite the success of the VFC program in making expensive new vaccines available to underserved children, coverage rates for some recommended vaccines among VFC-eligible adolescents lag behind those of fully, privately insured adolescents. Limited preventive services utilization by adolescents, coupled with barriers in access to care for poor and uninsured adolescents, diminish opportunities for underserved adolescents to obtain potentially lifesaving vaccines. In addition to continued support for VFC, health practitionersindeed, all stakeholders-should pursue interventions to address barriers to vaccination beyond the cost of recommended vaccines. Leveraging opportunities to vaccinate at nonpreventive visits, 6, 35 particularly at sites offering free or low-cost care to the underserved, is likely to increase protection against vaccine-preventable diseases among all adolescents. Further research is needed to determine what factors contribute to the parity of HPV4 vaccine coverage between VFC-eligible and non-VFC-eligible adolescent females. In the meantime, continued monitoring of adolescent vaccination rates, particularly among VFC-eligible populations, will be needed.
